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For several years a  colony of standard bred rabbits has been main- 
tained  by this  laboratory as the  basis  for the  study of problems in 
constitution.  The foundation stock for the colony was built up from 
pedigreed and registered animals purchased in this country and abroad. 
The breeds represented were chosen mainly on the basis of physical 
conformation, and the stock includes a full range of contrasting types 
from the small Polish to the Giant Flemish,  and the cobby Dutch to 
the racy Belgian.  Representative color varieties and coat characters 
are also included? 
One  of the  purposes  for which  this  colony was organized  was  to 
provide material of known quality for the study of relations between 
constitution  and  susceptibility  to  disease  (1).  As  an  approach  to 
these problems,  experiments were carried out with pure bred rabbits 
of various lines to determine, on the one hand, whether such differences 
as  are  represented  by breed characters  may be associated with  dis- 
tinctive  differences in  the  reaction  to  disease-producing  agents,  and 
on the other,  for the purpose of selecting the most suitable material 
for a more detailed study of any relations which might be found.  The 
present report is concerned with observations on the response of dif- 
ferent  breeds of rabbits  to one of the agents  employed, namely,  Tr. 
pallidum. 
From time to time there has appeared in the literature of experimental syphilis 
suggestions that resistance to infection may be related to the breed or color of the 
1 For a description of American breeds and standards  of perfection, the reader 
is referred to the Guide Book issued periodically by The American Rabbit and 
Cavy Breeders Association, Inc., 7408 Normal Avenue, Chicago, Ill.  Breeds re- 
cognized in other countries vary somewhat from those in America, but the stand- 
ards agree in most essential respects. 
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rabbit used.  Nichols (2) stated that there appears to be choice in rabbits in re- 
gard  to  color,  the  general  adaptability  being  white,  gray,  brown,  and  black. 
Finkelstein (3) found the Himalayan rabbit more susceptible to initial infection 
than other groups although he made no statement as to whether these latter repre- 
sented mongrels or definite breeds.  Working with a family of silver rabbits, Frei 
(4) noted that they developed a significantly  higher generalized  lesion rate than 
other types of rabbits, and concluded that they were constitutionally susceptible. 
More recently Frazier and  Mu (5) came to a  similar  conclusion  regarding the 
albino rabbit, after observing that this variety offered less resistance to syphilitic 
infection than did a brown variety. 
In  general,  reference  to  variations  in  susceptibility,  attributed  to 
the kind of rabbit used, have been based on color varieties rather than 
on standard breeds or on results obtained from some particular breed 
or family.  So far as is known, no effort has been made to compare the 
reaction to infection of representative  standard  breeds or families of 
rabbits  in  a  systematic  manner.  The  experiments  reported  in  this 
paper differ from those  reported  by others in  that  the  animals used 
were  from carefully selected  standard  breeds of rabbits which  have 
been propagated in pure line in our own laboratories; complete records 
are available for all animals used, and the comparisons made are based 
on all phases of the reaction to infection from incubation to the onset 
of spontaneous recovery.  Moreover, especial attention has been given 
to generalized manifestations of the disease, including the kind, num- 
ber, destructiveness,  and persistence of lesions. 
Material  and Methods 
Comparisons of the reaction to syphilitic infection,  as measured by the course 
and severity of disease,  have been made on pure bred rabbits of ten standard 
breeds.  These include Havana, Dutch, English, Himalayan, Rex, Belgian, Polish, 
Blue Beveren, and New Zealand Red.  The results to be reported are limited to 
two experiments, both of which contained animals of the first five breeds enumer- 
ated, giving a total of 57 rabbits. 
All of the animals were raised in this laboratory with the exception of three 
Rexes used in the second experiment, and these were bred by a  laboratory tech- 
nician from laboratory stock.  The animals were carefully selected healthy males 
averaging 6 months of age.  They were kept in individual cages in a well venti- 
lated room receiving diffuse north light, and were fed a uniform diet consisting of 
hay, oats, and a commercial food pellet with a free supply of water. 
The animals of the first experiment were inoculated on Oct. 26, 1931, and those 
of the second on Mar. 31,  1932.  Both series  were observed over a period of  3 PAUL  D. ROSAHN  909 
months  when  the  main  experiments were  terminated.  Selected  groups  were, 
however, kept under observation for 6 months.  The Nichols' strain of Tr.  palli- 
dum was employed in both experiments.  The inoculation was made into one tes- 
ticle, using 0.3 cc. of a saline emulsion prepared from an actively developing testlcu- 
lar lesion and containing from two to four organisms per dark field.  The different 
breeds were inoculated alternately, and no two animals of the same breed received 
material from the same syringe. 
The evaluation of the character and significance of the reaction to infection was 
based upon a consideration of various clinical phenomena.  Special attention was 
paid to the following:  (1)  the frequency and time of occurrence of the primary 
orchitis; (2)  the frequency and time of occurrence of critical edema in the inocu- 
lated testicle; (3) the frequency and time of occurrence of lesions in the uninocu- 
luted  testicle  (metastatic orchitis);  (4)  the frequency,  time of  occurrence, and 
number of generalized lesions  of the skin, bones and periostium, and eyes;  (5) 
the proportion of animals that showed compIete healing of all lesions at the ter- 
mination of the 3 months period of observation. 
In the analysis of the results  group means have been employed, a  procedure 
which tends to minimize the effect of the chance occurrence of a case of severe 
syphilis in any one group.  By the designation "focal distribution" of generalized 
lesions is meant the number of discrete loci at which lesions  developed as deter- 
mined by actual count.  The figures  for actual distribution represent the  mean 
values for those animals of the group in which  generalized lesions  actually de- 
veloped, while  the values for relative distribution  indicate the results in terms 
of the entire group. 
RESULTS 
The results are recorded in Tables I  to VI and Text-figs. 1 to 3; in 
each instance  the observations are presented  from the  standpoint  of 
the standard breed of rabbit under consideration, namely, the Havana, 
Dutch,  English,  Himalayan, and  Rex.  Tables I  and II give the inci- 
dence and mean time of occurrence of various phenomena of infection 
and the actual and relative focal distribution of generalized lesions of 
both experiments, together with the mean values for the total number 
of animals in each experiment.  Tables III to VI contain values which 
have been obtained  by combining  the two  experiments  and treating 
them as one.  Text-fig. 1 represents the incidence  of the  disease phe- 
nomena in terms of percentage deviation from the mean values of each 
experiment.  In each experiment,  the frequency of succeeding stages 
of infection in each breed group was calculated as percentage deviation 
from the mean values for all the animals of the experiment as given in 
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age deviations in the two experiments gave the values on which Text- 
fig.  1 was constructed.  Text-fig.  2,  constructed  on  the  same basis, 
represents the mean time of occurrence of the  different  disease phe- 
nomena in each breed group, expressed as combined percentage devia- 
tions from the mean values for all the animals of each experiment as 
TABLE  I 
Incidence of Various Phenomena of Infectien and Focal Distribution of Generalized 
Lesions 
Experiment 
No. 
Total... 
Total... 
Breed  No. of  Primary Critical Metastatic 
animals  orchitis  edema  orchitis 
Distribution  of generalized 
lesions 
Focal distribution 
Incidence 
Actual  Relative 
per  cent  per ¢s~  per ce~  per ¢~ 
Havana  4  100  100.0  75.0  75.0  5.3  4.0 
Dutch  5  100  60.0  60.0  100.0  4.4  4.4 
English  5  100  100.0  100.0  100.0  6.2  6.2 
Himalayan  9  100  88.8  100.0  88.8  11.3  10.0 
Rex  3  100  100.0  100.0  100.0  16.7  16.7 
26  100  88.5  88.5  92.3  8.7  8.0 
Havana  6  100  50.0  50.0  0  0  0 
'Dutch  6  100  50.0  66.7  16.7  1.0  0.2 
English  6  100  66.7  83.3  50.0  2.7  1.3 
Himalayan  6"  100  50.0  80.0  83.3  3.2  2.7 
Rex  7  100  28.6  71.4  57.1  1.3  0.7 
31  100  48.4  70.0  41.9  2.3  1.0 
*  One animal was a unilateral  cryptorchid. 
shown in Table II.  Text-fig.  3  represents  graphically values which 
are given in Tables III, IV, and VI. 
DISCUSSION 
Before discussing the results of these experiments, attention  should 
be called to the difference in severity of the disease in the two series. 
In general, it was severe in the first and very mild in the second.  This 
difference may readily be seen by comparing the total mean values for PAUL  D.  ROSEN  911 
the incidence of edema, metastatic orchitis, and generalized lesions, 
and for the actual and relative focal distribution of generalized lesions 
in Table I; the values for the first experiment were considerably higher 
than for the second.  In addition, the average duration of the period 
of generalized lesion activity was longer in the first experiment (Table 
II).  The mean time of development of the first generalized lesion was 
TABLE  II 
Mean  Time of Occurrence of Various Phenomena of Infection gslimaled from the 
Date of Inoculation 
P~xperiment 
No. 
Total... 
Total... 
Breed 
Havana 
Dutch 
English 
Himalayan 
Rex 
Havana 
Dutch 
English 
Himalayan 
P~ex 
No. of 
anhnals 
26 
31 
Primary 
orchitis 
days 
21.5 
21.0 
22.6 
17.8 
20.7 
20.2 
20.7 
19.8 
21.5 
21.7 
17.1 
20.1 
Critical 
edema 
days 
38.8 
27.3 
33.4 
23.5 
27.3 
29.3 
28.0 
23.3 
26.3 
40.7 
22.0 
28.3 
Metastatic  -- 
orchitis 
days 
~.7 
~.0 
51.8 
58.1 
54.0 
56.8 
70.3 
55.3 
46.4 
56.8 
44.6 
48.4 
Generalized  lesions 
First  __'~a~  Last 
days  day,  days 
59.0  I  6~'.  73.3 
65.0  78.4 
61.8  79.6 
67.1  73.  88.1 
55.3  70.  84.7 
63.1  72.  80.3 
73.0  73.  73.0 
62.3  59.  67.3 
65.8  68.  74.8 
58.8  57.  58.8 
63.3  ~  68.0 
63 days in both experiments, but the mean value for the last lesions 
was 80 days in the first and but 68 days in the second series. 
Variations in the severity of experimental syphilis are well recognized, 
not only in individual animals of any particular group, but also in 
different groups.  Such factors as differences in  the quality of the 
inoculum, the route of inoculation, the season of the year at which the 
experiments are being conducted, and animal age and sex are known 
to have an influence on the character of the disease.  In the present 
instance the reason for the mildness  of the infection in the second experi- 912  RABBIT  BREED  AND  EXPERIMENTAL  SYPHILIS 
ment is not definitely known.  The period of the year is,  however, 
suggestive since during the late spring and early summer months when 
this group was observed, the disease is not infrequently less severe than 
during the autumn and winter.  These differences, however, do not 
affect breed  comparisons  since all  breeds were represented in  both 
experiments. 
The observations on the different breeds will now be considered from 
the standpoint of the sequence of events of the disease.  For this pur- 
pose the mean values obtained by combining the two series and con- 
sidering them as one experiment will be analyzed since a detailed dis- 
TABLE  III 
Incidence and Mean  Time of Occurrence of Primary Orchitis, Critical Edema,  and 
Metastatic Orchitis in Combined  Experiments 
Breed 
Havana. 
Dutch. 
English. 
Himalayan. 
Rex. 
Total. 
Primary orchifis  Critical edema 
Inci-  Incuba- 
tion 
dence  period 
per cent  days 
100.0  21.0 
100.0  20.3 
100.0  22.0 
'1  100.0  19.4 
100.0  18.2 
100.0  20.0 
Time of occur- 
ren~ 
Incl- 
dence  From  From 
inocula- primary 
fion  orchltis 
per cent  days  days 
70.0  34.2  13.0 
54.5  25.3  5.7 
81.8  30.2  9.0 
73.3  28.2  8.0 
50.0  25.2  7.2 
66.7  28.9  8.7 
Metastatic orchitis 
Time of occur- 
rence 
Inci- 
dence  I From  From 
inocula- primar~ 
tion  orchltt 
pgt cent  days  days 
i 
60.0  65.5  44.3 
63.6  57.3  37.9 
90.9  49.1  27.0 
92.9  57.7  38.8 
80.0  49.4  28.3 
78.6!  55.2  32.5 
cussion of the behavior of individual animals or of each experiment 
leads  to  the  same  conclusions.  It  should  be  pointed  out  that  the 
manifestations of any particular phase of the disease  are dependent 
on the degree of protection built up in the preceding reactive states. 
Primary Orchitis.--(Table III.)  A primary orchitis developed in all 
the animals.  The mean incubation period for the combined experi- 
ment was 20 days.  The variation of the values for the different breed 
groups from the combined mean was inconsiderable and probably not 
significant.  However,  in  the  Rex  group  the  primary  orchitis  was PAUL  D.  ROSAtI!W"  913 
detected earlier and in the English group later than in any of the other 
breeds. 
Critical Edema.--(Table III.)  The incidence of edema of the scro- 
tum and inoculated testicle was lower in  the  Dutch and  Rex and 
higher in the English, Havana, and Himalayan breeds than the com- 
bined incidence of the entire group.  An estimation of the mean time 
of occurrence of edema from the date of inoculation indicates that it 
developed earlier in those breeds that showed the lowest incidence; 
that is, the Rex and Dutch.  Edema  developed comparatively late 
in the Havana, English, and Himalayan groups in which the incidence 
of this phenomenon  was high.  If the appearance of edema is reckoned 
from the time of occurrence of the disease phenomenon immediately 
preceding it, namely the primary orchitis, the time relationships are 
somewhat changed.  The longest interval between orchitis and edema 
occurred in the Havana group (13.0  days)  and  the  shortest  in  the 
Dutch group (5.7 days).  The English, Himalayan, and Rex animals 
struck  a  fairly  uniform level  between  these  two  extremes.  These 
results are  suggestive of differences in  the  reactions of the several 
breeds. 
Metastatic  Orchitis.--(Table  III.)  The  incidence  of  metastatic 
orchitis in the combined Havana and Dutch groups, 60.0 and 63.6 per 
cent, was appreciably lower than the combined group mean value of 
78.6 per cent.  The English, Himalayan, and Rex rabbits showed a 
higher incidence than the group mean, namely, 90.9,  92.9, and 80.0 
per cent respectively.  It will be noted that, in the Dutch animals, 
the low incidence of edema was followed by a low incidence of meta- 
static orchitis, a result which indicates that a highly efficient protective 
reaction had been established early in the infection; that is, in associa- 
tion with the primary orchitis.  On the other hand, the low incidence 
of edema in the Rex group was followed by a high incidence of meta- 
static orchitis, indicating that a  comparable defence reaction either 
had not developed in this breed, or was of brief duration.  A compara- 
tively high incidence of edema in the Havana group was followed by 
the lowest incidence of metastatic orchitis of all the breeds, suggesting 
that the immunity developed during the critical edema phase was suf- 
ficient to affect a partial  suppression of the metastatic orchitis.  In 
the English and Himalayan groups, the frequencies of both edema and 914  RABBIT  BiRE~D  AND  :EXPERLMENTAL  SYPHILIS 
metastatic orchitis were the highest of all the breeds.  Thus it would 
seem that the reaction engendered by the primary orchitis and critical 
edema  was  insufficient  to  inhibit  the  development of  metastatic 
orchitis in these two breeds. 
The time of occurrence of the metastatic orchitis  serves as another 
index of the effectiveness of the immunity produced by the previous 
course of the infection.  With a  comparable low incidence of edema 
in the Rex and Dutch groups (Table III), the Rex developed an  oro 
chitis of the uninoculated testicle at a mean time of 49.4 days after 
inoculation, considerably earlier than the Dutch group in which this 
lesion was retarded until the late mean time of 57.3 days.  In the case 
of the Havana animals which showed a high incidence of edema and a 
low incidence of metastatic orchitis, the marked delay of the  latter 
lesion, 65.5  days, is further evidence of the development of a highly 
efficient reaction.  The mean time of metastatic orchitis in the Eng- 
lish group was the earliest of any breed, 49.1 days; it will be recalled 
that the high edema rate was followed by a high incidence of uninocu- 
lated testicle involvement.  The Himalayan  animals, with a  lower 
incidence of edema than the English, developed metastatic orchitis 
somewhat later.  These  several  relationships  are  substantially  the 
same when instead of calculating the time of appearance of metastatic 
orchitis from the date of inoculation, the interval between the primary 
and metastatic orchitis is determined. 
Generalized Lesions.--(Table IV.)  The presence or absence of gen- 
eralized lesions is without doubt the most important single index of 
differences in the reaction to the disease.  In the Havana and Dutch 
groups  the  incidence and  relative  focal  distribution  of  generalized 
lesions were lower than in the others.  This result is in keeping with 
the observations on the incidence and time of occurrence of the pre- 
ceding phases of infection just discussed.  The immunity developed 
by the Dutch and Havana animals persisted into the stage of general- 
ized lesions, the incidence for example being 54.5  and 30.0 per cent. 
In the Himalayan, English, and Rex groups on the other hand, the 
defences built up in the previous reactive states were not of sufficient 
intensity or duration to offer an adequate protection against the de- 
velopment of generalized lesions.  The incidence of secondary lesions 
in these groups was 72.7, 86.7, and 70.0 per cent respectively.  Simi- PAUL  D.  ROSAHN  915 
larly, the mean number of generalized lesions for each breed group as 
determined by actual count, that is, the relative focal distribution of 
generalized lesions, was lower in the Havana  (1.6)  and Dutch (2.1) 
groups than  in  the English  (3.5),  Himalayan  (7.0),  and  Rex  (5.5) 
groups. 
The mean time of appearance of the first generalized lesion in the 
Havana  group  was  earlier  than  the  appearance  of  the  metastatic 
orchitis.  This overlapping is of importance from the standpoint of 
resistance since it signifies that the usual orderly sequence of events 
has been interrupted by the development  of a powerful defence reaction. 
TABLE  IV 
Incidence, Focal Distribution, and Mean Time of Occurrence of Generalized Lesions 
in Combined Experiments 
Breed 
Havana.. 
Dutch. 
English. 
Himalayan.. 
Rex. 
Total.. 
Inci- 
dence 
per cenS 
30.0 
54.5 
72.7 
86.7 
70.0 
64.9 
Focal distribu- 
tion 
Actual i  Relative 
5.3  1.6 
3.8  2.1 
4.9  3.5 
8.1  7.0 
7.9  .5,5 
6.4  4.1 
Tinle Of oocurrenco 
From inoculation  to 
Mean  First  of all  Last 
days  days  days 
59.0  69.6  73.3 
66.3'  68.8  77.5 
62.0  65.2  75.0 
66.6  72.0  83.0 
57.3  63.4  69.9 
63.2  68.2  77.1 
From  metastatic 
orchitis to 
First  Last 
days  Jays 
i 
-1.3  12.7 
2.0  14.8 
12.8  25.8 
i  7.4  24.6 
II.i  23.6 
7.6  22.1 
In Table IV the interval between the metastatic orchids and the first 
generalized lesion is a minus quantity for the Havana group, showing 
overlapping.  In the Dutch group the time interval was only 2 days; 
that is, although a tendency to overlap was present, it was not quite so 
marked.  The basic tendency of a  reaction interval of I  to 2 weeks 
between successive stages was maintained by the English, Himalayan, 
and Rex groups. 
The interval between the development of an orchitis of the uninocu- 
lated testicle and the appearance of the last generalized lesion is the 
period during which the disease activity is indicated by  a  tissue  re- 916  RABBIT  BREED  AND  EXPERIMENTAL  SYPHILIS 
sponse with the development of lesions.  This interval (Table IV) was 
approximately one-half as long in the Havana (12.7 days) and Dutch 
(14.8  days) groups as it was in the English (25.8  days), Himalayan 
(24.6) days, and Rex (23.6 days).  These figures give an excellent idea 
of the efficiency of the reaction in the different breeds. 
The  character  and  location of generalized lesions in  the  several 
breeds may be used as a further basis for comparison of the differences 
in their reactions to the syphilitic infection (Table V).  It will be seen 
that the proportion of bone to other lesions in the English and Rex 
groups was much higher than in any other breed.  However, the type 
of bone lesion seen in these two groups was quite different.  The Rex 
TABLE  V 
Location of Generalized Lesions  in  Five Breeds of Rabbits---Combined Results 
Breed 
Havana. 
Dutch.. 
English... 
Himalayan. 
Rex... 
Total. 
Total 
No. 
16 
23 
36 
106 
55 
236 
Bone 
No.  per cenJ 
ll  68.8 
14  60.9 
32  88.9 
50  47.2 
42  76.4 
149  63.1 
Skin 
No.  per cenl 
4  25.0 
9  39.1 
3  8.3 
54  50.9 
13  23.6 
83  35.2 
Eye 
No.  per ce, 
1  6.3 
0 
1  2.8 
2  1.9 
0 
4  1.7 
i 
animals developed bone lesions that were destructive and invasive and 
were further characterized by very slow healing.  In the English group, 
the lesions though persistent, were small and not destructive.  The 
Himalayan group showed the lowest proportion of bone lesions and the 
Havana and Dutch rabbits  occupied an intermediate position.  In 
only one group, the Himalayan, was the majority of lesions located in 
the skin.  These were the most malignant skin lesions seen; they were 
invasive, persistent, tended to ulcerate, and furthermore, many de- 
veloped in unusual locations such as at the base of the ears and over 
either humerus. 
With  reference to  the incidence and  destructiveness of the bone 
lesions in Rex rabbits, it should be pointed out that the Rex rabbit 
occupies a  unique position.  It is regarded as a  constitutionally de- PAVL 9.  RosAm~  917 
fective animal due to the fact that a  large proportion of the young 
develop bone deformities which resemble those of rickets.  It  was 
mainly for this reason that the Rex, which is of Belgian ancestry, was 
included in these experiments. 
Eye lesions usually develop later than 3 months following inocula- 
tion, the time when these experiments were terminated.  A  certain 
number, however, did develop during the observation period.  It will 
be seen by referring to Table V that the proportion of eye involvement 
to all lesions was highest in the Havana group.  Since the eye is not 
protected as  fully  as  other  tissues by the  general  reaction to  in- 
fection (6),  it is not surprising that the Havana animals which de- 
TABLE  VI 
Number and Percentage  of Animals  witk  Complete  Healing of All Lesions at the 
Termination of the 3 Months Observation Period---Combined  Results 
Breed  No. of animals  Complete healing of lesions 
Havana  ................................ 
Dutch .................................. 
English ................................. 
Rex  .................................... 
Himalayan .............................. 
10 
11 
11 
10 
15 
No. 
9 
9 
7 
5 
5 
~eg Ce~ 
90.0 
81.8 
63.6 
50.0 
33.3 
Total ..................................  57  35  61.4 
veloped a highly efficient reaction as evidenced by the incidence and 
focal distribution rates of generalized lesions should show a high pro- 
portion of eye lesions. 
Recovery.--(Table VI.)  A final comparison of the behavior of the 
various breeds in the presence of infection may be made on the basis 
of the proportion of animals of each breed group that showed complete 
resolution and healing of all lesions at the termination of the 3 months 
period of observation.  The reaction to the  infection in the Havana 
and Dutch breeds was such that within 3 months after inoculation all 
lesions  were healed in  a  large proportion  of animals.  This  result, 
which is  in  entire harmony with the preceding course of  events, is 
additional evidence that these breeds possess or are capable of develop- 918  RABBIT  BREED  AND  EXPERIMENTAL  SYPHILIS 
ing an efficient mechanism of protection against the clinical manifesta- 
tions of syphilis.  A similar state of protection was less  successfully 
achieved  in the English and Rex groups. 
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T~XT-FXG. 1.  Incidence of various phenomena of infection and relative dis- 
tribution of generalized lesions.  Calculated as  combined  percentage deviation 
from mean values in two experiments. 
animals, with the lowest incidence of healed lesions, the reaction to the 
infection was deafly the least efficient. 
What has been said concerning the course of the infection in the PAUL  D. ROSAHN  919 
several breeds is illustrated by Text-figs. 1 and 2, based on percentage 
deviations from the mean values of the incidence and time of develop- 
ment of the successive phases of the disease.  The percentage devia- 
tion figures were in each case obtained from the total mean values of 
each experiment and then combined as an algebraic sum.  This was 
done in order to eliminate any error that might arise from quantitative 
differences in the disease picture in the two experiments.  Exceptlfor 
one or two minor discrepancies, the relative positions of the different 
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lated as combined percentage deviation from mean values in two  experiments. 
breeds  are  identical  with  their  relative  positions  obtained  by  an 
analysis based on the mean values for all animals of each breed when 
the two series are combined and considered as one experiment (Tables 
III and IV).  Text-fig. 3  illustrates graphically the combined values 
for  the different breeds with respect to  the incidence of metastatic 
orchids, the incidence of generalized lesions, the relative focal distri- 
bution of generalized lesions, and the proportion of animals of  each 
breed with complete healing of all lesions at the end of the experiment. 
These text-figures represent in striking manner the  difference in be- 
havior of the several breeds of rabbits to the syphilitic infection. 920  RABBIT  BREED  AND  EX]?ERIMENTAL  SYPHILIS 
As has been said, the values for the incidence and number of meta- 
static lesions furnish the best evidence of differences in the response 
to infection.  In Text-fig. 3 a  numerical value of 1, 2, 3, 4, or 5 was 
assigned to each breed group according to its position in an ascending 
scale  of  incidence of  metastatic  orchitis,  incidence of  generalized 
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TExT-FIG. 3. The relation of rabbit breed to experimental syphilis. 
lesions, and relative focal distribution of generalized lesions.  The sum 
of the three values for each of the different breeds is as follows: Ha- 
vana-3, Dutch-6, Rex-10, English-lI, and H.imalayan-15.  Evidently 
the disease in the Havana and Dutch groups was far less severe than 
it was in  the English,  Rex,  and Himalayan animals.  This  was  so 
despite the considerable difference in the general character of the dis- PAlm D.  Rosnm~  921 
ease in the two experiments.  If in the identical manner a numerical 
value is assigned for the same three criteria of infection in each experi- 
ment, as they appear in Table I, the sum of these values for each breed 
group is as follows: for Experiment 1 : Havana-4, Dutch-6, English-9, 
Himalayan-9, Rex-11;  and for Experiment 2: Havana-3,  Dutch-6, 
English-12,  Himalayan-14,  Rex-10.  It  is  seen  that  despite  the 
severity of the disease in the first experiment and its mildness in the 
second which has  already  been  discussed,  the  Havana  and  Dutch 
groups have the lowest values and the English, Rex, and Himalayan 
the highest in both experiments.  In  terms of focal distribution of 
generalized lesions, the Rex groups of the two experiments were not 
comparable.  In the first series the focal distribution values were the 
highest of the five breeds, but in the second experiment they occupied 
an intermediate position, being exceeded by the Himalayan and Eng- 
lish groups.  With regard to this discrepancy, it is important to note 
that Rex rabbits are extremely susceptible to the exigencies of cage 
life.  In the second experiment the general condition of these animals 
was not comparable to that of the other breeds.  They lost weight, 
the condition of the fur became poor, and several developed snufifles. 
A long experience in this laboratory has indicated that the optimum 
reaction develops in animals of good physical condition.  In animals 
showing evidence of nutritional deficiency, the  response to infection 
is minimal or subminimal.  The fact that the Rex animals of the second 
experiment developed only a few generalized lesions may be explained 
at least in part by their impaired physical state.  It is possible also 
that a  contributory factor was the disproportion in numbers,  three 
animals in the first experiment and seven in the second. 
Animal Material.--It  should be  emphasized that the results here 
reported are applicable only to  the particular family or families of 
each standard breed which are bred  and studied in this laboratory. 
Similar experiments on animals of the same breeds obtained from other 
sources might  produce different  results  since  it  is  not  yet  known 
whether the families of the different breeds here employed represent a 
fair sample of the particular breed. 
In this connection, it should be pointed out that one of the objects 
in the adoption of standards of perfection by fanciers  and breeders 
associations is to encourage the development and maintenance of cer- 922  I~A.BBIT  BREED  AND  EXPERIMENTAL  SYPHILIS 
tain racial characteristics.  With some of the older breeds, such as the 
Dutch, the English, and the Himalayan of these experiments, distinc- 
tive racial characters have been developed through many generations, 
and these breeds should be comparatively homogeneous, functionally 
as well as physically.  With the newer breeds, of which the Havana 
and the Rex are examples, the situation is different.  These  breeds 
are developed from one or more of the older breeds, and different strains 
or families may be developed by the use of different crosses which would 
tend to produce variation rather than homogeneity.  There is some 
evidence, however, that even in crosses of this kind there is a tendency 
to preserve the characteristics of the parental race.  Thus, the Havana 
was derived from the Dutch, and in the main, has been bred to Dutch 
type; in these experiments Dutch and Havana stand close together. 
The Rex is derived from the Belgian and here again there is a  close 
similarity in  behavior.  Still,  this  does  not  remove the  possibility 
that there may be marked variations between different lines or families 
of a  given breed or  race. 
CONCLUSIONS 
It is evident that on the basis of the criteria already discussed the 
Havana  and Dutch rabbits  of the experiment may be classified as 
relatively resistant and the English, Himalayan, and Rex rabbits as 
relatively susceptible to  syphilitic infection.  The experiments were 
planned to  eliminate all  known variables  that  might  influence the 
course of the syphilitic reaction.  The animals were all of approxi- 
mately the same age, they were caged and fed under uniform conditions, 
the strain of spirochete employed and the dose and route of inoculation 
were identical.  The only known variable that can account for the 
observed differences was that of breed.  Future experience will show 
whether the breed differences encountered are constant.  Certainly 
they were constant in the two experiments here reported.  Under the 
conditions of the experiment, therefore, it would seem that the widely 
divergent reactions are explicable on the basis of variations in breed 
or race. 
These observations emphasize the necessity for an adequate balanc- 
ing of the breeds of animals selected for syphilitic and similar experi- 
ments.  Obviously if the Havana rabbits of this report were the ani- PAUL D.  I~OSAB_N  923 
reals  used  for  some  experimental  procedure  which  employed  the 
Himalayans as control material, or vice versa, the resulting marked 
difference in  the  course of disease in  the two  groups could not be 
properly attributed to  the experimental procedure.  It  is  also  con- 
ceivable that differences in the disease,  either qualitative or quanti- 
tative  occurring in  different laboratories  and  countries,  might  be 
caused by differences in the breed of rabbits employed. 
The demonstration of distinct racial or familial differences in the 
response of experimental animals to  syphilitic infection is moreover 
of interest on account of the support which it lends to the view that in 
man there are comparable racial differences  in susceptibility to syphilis. 
SUMMARY 
A comparative study was made of the character and severity of the 
infection produced by Tr. pallidum in groups of standard bred Havana, 
Dutch, English, Himalayan, and Rex rabbits.  All  known variables 
that might influence the course of the disease were common to the 
different breed groups. 
On the basis of certain clinical data selected as criteria for the de- 
termination of variations in the response to syphilitic infection, it was 
found that the Havana and Dutch animals were resistant while the 
English, Himalayan, and Rex rabbits were susceptible. 
From these results, it appears that breed, race, or family is a factor 
which  significantly  influences  the  response  to  infection  with  Tr. 
pallidurn. 
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